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(54) PRODUCTION OF THIN-FILM MAGNETIC HEAD 

(57)Abstract: 

PURPOSE: To secure the insulation between magnetic- 
pole coils and to pattern a conductor coil with high 
precision by forming an insulating film having a 
necessary thickness on a magnetic film formed on a 
substrate, flattening the insulating film and then forming 
a conductor coil film on the insulating film. 
CONSTITUTION: A lower magnetic film 3 is formed on 
the insulating film 2 of a substrate 1, and an insulating 
film 5 having a thickness \arger than the height of the 
film 3 is formed with a gap film 4 in between. The film 5 
is machined, e.g. lapped, or etched and flattened, and a 
conductor coil film forming a magnetic circuit with the 
film 3 is formed on the flat surface. As a result, the 
insulation between the magnetic-pole coils is secured, 
the dielectric breakdown voltage is increased, the 
conductor coil is patterned with high precision, and a 
highly reliable thin-film magnetic head is obtained. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the magnetic film formed on the substrate characterized by providing the following, and 
the conductor formed through the insulator layer on it — the manufacture method of the thin 
film magnetic head of having the magnetic circuit which consists of a coil film Process which 
forms the aforementioned insulator layer as a whole on the aforementioned substrate including 
the aforementioned magnetic film more thickly [ than a certain height ] than the upper surface of 
the aforementioned magnetic film, after it removes partially the portion of the aforementioned 
insulator layer higher than the aforementioned magnetic film and it carries out flattening at least 
— the above — a conductor — the process which forms a coil film 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the manufacture method of the thin film 
magnetic head used for a magnetic disk unit and other magnetic recorder and reproducing 
devices. 
[0002] 

[Description of the Prior Art] Conventionally, with highly-efficient-izing of a magnetic disk unit, 
in order to aim at improvement in recording density and an information transfer rate, the thin film 
magnetic head is adopted. Generally, manufacture of the thin film magnetic head is performed 
using deposition technology, such as electroplating and sputtering, and the ultra-fine processing 
technology by phot lithography. 

[0003] The structure of the well-known thin film magnetic head for the record reproduction 
within a field is roughly shown in drawing 5 and drawing 6 from the former. The insulator layers 2, 
such as an alumina, are put on the substrate 1 which consists of ceramic material of an 
aluminum203-TiC system etc., and the lower magnetic film 3 which constitutes a lower magnetic 
pole is formed on it. the spiral conductor which consists of insulator layers 5, 6, and 7 which the 
gap film 4 which consists of an alumina etc. is formed on the lower magnetic film 3, and consist 
of organic insulation resin material, such as a novolak resin, on it, Cu, etc. — the laminating of 
coils 8 and 9 and the up magnetic film 10 is carried out one by one Furthermore, on the up 
magnetic film 10, the protective coats 11, such as an alumina, are formed of sputtering etc. 
Thus, the formed thin film magnetic-head element is started from a substrate, and it carries in 
each slider, and is used as the thin film magnetic head. 
[0004] 

[Problem(s) to be Solved by the Invention] According to the conventional technology, the 
aforementioned insulator layer applies and carries out the prebake of usually, for example, the 
novolak resin, and is formed by applying, exposing, developing, heat-treating and stiffening a 
photo mask. Since a novolak resin is contracted by BEKU [ the fluidity by heat / have and ], as 
is shown in drawing 7 , in the 1 st insulator layer 5, the thickness near the edge of the lower 
magnetic film 3 becomes very thinly especially with the level difference of the lower magnetic 
film 3 and a substrate 1 . the upper limit of the lower magnetic film 3 to which the thickness of an 
insulator layer 5 becomes the thinnest [ drawing 8 ], and a conductor — the relation between 
the distance D with a coil 8 and the withstand voltage of an insulator layer is expressed with a 
diagram based on an experimental result From this drawing, in this experiment, if Distance D is 
set to 1 micrometer or less, it will be understood easily that the withstand voltage fell rapidly. 
Thus, there was a problem that there was a possibility that record reproduction of the 
information the insulation resistance and the dielectric breakdown voltage between magnetic 
pole coils fall without maintaining sufficient insulation if a coil 8 and th lower magnetic film 3 
approach too much by part for the edge the 1 st conductor, and according to a thin film head 
formed on the 1 st insulator layer 5 may not be performed normally. 

[0005] Moreover, since the standup angle for a point of the up magnetic film 10 would become 
very sudden although the thickness of the 1st insulator layer 5 in near the periphery of the lower 
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magnetic film 3 is fully securable if the 1st insulator layer 5 whole is formed more thickly, the 
internal stress of the protective layer 1 1 formed on it became large, the crack etc. occurred, and 
there was a possibility of reducing reliability. 

[0006] Then, the manufacture method of the thin film magnetic head according to claim 1 The 
place which it is made in view of the trouble of the conventional technology mentioned above, 
and is made into the purpose According to a comparatively easy process, also in a part for the 
edge of the magnetic film formed on a substrate The thickness of the insulator layer formed on it 
is fully secured, without making a protective layer generate a crack etc. a magnetic film and a 
conductor — good insulation can be secured between coil films, a dielectric breakdown voltage 
tends to be made high, and it is going to offer the manufacture method of the thin film magnetic 
head which can raise reliability 
[0007] 

[Means for Solving the Problem] this invention is for attaining the purpose mentioned above, the 
manufacture method of the thin film magnetic head according to claim 1 In the thin film magnetic 
head which has the magnetic circuit which consists of a coil film a substrate top a magnetic 
film and a conductor — the it top after it prepares an insulator layer on a substrate including the 
magnetic film so that it may become thicker [ than a certain height ] than the upper surface of a 
magnetic film as a whole, and it removes partially the portion of an insulator layer higher than a 
magnetic film and it carries out flattening at least — a conductor — it is characterized by 
forming a coil film 
[0008] 

[Function] therefore, the thing for which a portion excessive from the upper surface of the 
insulator layer formed thick according to the manufacture method of the thin film magnetic head 
according to claim 1 is removed suitably — irrespective of the level difference of a magnetic film 
and a substrate — a magnetic film and a conductor — the thickness of the insulator layer 
between coils can be controlled easily, it can prepare uniformly including a part for the edge of a 
magnetic film, and good insulation can be secured between magnetic pole coils 
[0009] 

[Example] It explains to it in detail using a suitable example, referring to an accompanying 
drawing to below about this invention. 

[0010] In the 1st example of this invention, the process which prepares an insulating layer on the 
lower magnetic film of the thin film magnetic head for the record reproduction within a field is 
shown in drawing 1 . As shown in drawing 1 -A, pattern formation of the lower magnetic film 3 
which the insulator layer 2 of an alumina is put by the usual technique, and consists of soft 
magnetic materials, such as a nickel-Fe alloy and a cobalt alloy, on it is carried out to the 
substrate 1 which consists of conductive ceramics of aluminum203-TiC by electroplating, 
sputtering, etc. On the lower magnetic film 3, the gap film 4 which consists of a nonmagnetic 
insulating material, for example, an alumina, is formed by sputtering. Next, the laminating of the 
organic compound insulator is carried out on a substrate 1 including the lower magnetic film 3. 
[001 1] First, the photoresist 5 which consists of organic insulation resin material, such as a 
novolak resin, as shown in drawing 1 ~B is applied more thickly than usual. With heat treatment 
which continues next, when the thickness after sintering usually sets thickness of the 
aforementioned portion to 2-5 micrometers so that it may become higher enough than the lower 
magnetic-film upper surface also in portions other than the portion on the lower magnetic film 3 
for example, it sets this thickness to about 5-8 micrometers. If a photoresist 5 develops 
negatives and is rinsed after it applies and exposes a photo mask 12, as shown in drayyjn^^ -c, 
an unnecessary portion will be removed like drawing 1 -D. If heat treatment or ultraviolet-rays 
BEKU is given and sintered to this, as shown in drawing 1 -E, an insulator layer 5 will be formed. 
The insulator layer 5 is higher enough than the upper surface of the lower magnetic film 3 as a 
whole including the other portion, although the portion of the lower magnetic film 3 has upheaved 
with the level difference of a substrate 1 and the lower magnetic film 3. the conductor by which 
the laminating of this height is carried out on an insulator layer 5 — what is necessary is just to 
be, if the insulation between coils is fully secured at all also in near the edge part of the lower 
magnetic film 3 In addition, since thickness usually decreases about 5 to 15% by sintering, a 
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novolak resin repeats and performs the process of the above-mentioned drawing 1 -B-E, when 
desired thickness is not obtained at 1 time of a process. 

[0012] Next mechanical processing of wrapping etc. is added to the upper surface of an 
insulator layer 5, an unnecessary portion is removed, and flattening is carried out to required and 
sufficient height. For example, as shown in drawin g 2 , an insulator layer 5 is placed upside down 
and a substrate 1 is laid on the flat polish board 13. What is necessary is to be able to use what 
consists of conventional metal tin as a polish board 13, for example, and just to use diamond 
powder with a particle size of about 0.5 micrometers for this as a loose grain. It is made to 
rotate, adding a load from a top, and the substrate 1 arranged like drawing 2 is wrapped. Although 
the field of the lower magnetic film 3 has upheaved, by performing wrapping, for example for 1 - 

2 minutes with the rotational speed of about ten rpm, an insulator layer 5 can remove the 
aforementioned burr from an insulator layer 5, and can grind the whole upper surface, and as 
mentioned above, as shown in drawing 1 -F. it can carry out flattening. If thickness of an 
insulator layer 5 is set to about 0.5-2 micrometers on the lower magnetic film 3 at this time, 
since required and sufficient insulation will be acquired, it is convenient. Moreover, in such 
wrapping processing, since the thickness of an insulator layer can be controlled by + / high 
degree of accuracy of about -0.5 micrometers when 10cm (4 inches) square shape wafer is used 
as a substrate, sufficient yield is obtained. In the another example, it can wrap with the polish 
sheet which used diamond powder with a particle size of about 0.5 micrometers. In this case, the 
insulator layer of flatness and desired thickness is similarly obtained by moving a substrate 1 
about 20mm, fixing the aforementioned polish sheet on bases, such as a granite surface plate, 
and pressing an insulator layer 5 against the aforementioned polish sheet on it. 

[0013] then, a resist pattern is formed according to the same process as usual on an insulator 
layer 5, and it consists of Cu by electroplating — spiral — a coil 8 is formed the 1st conductor 
furthermore, the 2nd insulator layer 6 — the laminating of a coil 9, the 3rd insulator layer 7, the 
up magnetic film 1 0, and the protective layer 1 1 is carried out one by one the 2nd conductor, 
and the thin film magnetic head is manufactured Since an exposure focus can be made into one 
point and coil width of face and thickness are formed more in accuracy in case a resist pattern 
is formed, since a coil 8 is formed on the flat insulator layer 5 the 1 st conductor at this time, a 
short circuit and an open circuit of a coil can be prevented. 

[0014] The process which forms in drawing 3 and drawing 4 the insulator layer which consists of 
inorganic oxides, such as an alumina, in the 2nd example of this invention is shown. The 
laminating of an insulator layer 2, the lower magnetic film 3, and the gap film 4 is carried out to 
the substrate 1 like the case of the 1st example of the above ( drawing 3 -A, dr awing 4 -A). 
First, drawing 3 - It is thick to the field of the substrate 1 which contains the lower magnetic film 

3 as shown in B and drawing 4 -B, for example, about 15-25 micrometers of negative resists 14 
of a polyimide system resin are applied to it. Next, the negative resist 1 4 is drawing 3 after 
carrying out a prebake. - After applying, exposing and developing a photo mask 1 5 like C and 
drawing 4 -C, annealing is carried out at the temperature of 200-500 degrees C. At this time, the 
edge of the negative resist 14 which remains around the lower magnetic film 3 is drawing 3 . - It 
exposes so that the shape of a back taper shown in D and drawing 4 -D may be made. 

[0015] Next, the film of the alumina of 5-8 micrometers of thickness is formed by sputtering 
( dr awin g 3 -E, drawing 4 -E). It is drawing 3 when the extant negative resist 14 is removed using 
a hydrazine etc. - As shown in F and drawing 4 -F, the field of the lower magnetic layer 3 
upheaves, and the insulator layer 5 thicker than the lower magnetic film 3 is obtained also in the 
other field, the conductor which carries out a laminating on it like the case of the 1 st example 
mentioned above as for this thickness — it is determined in consideration of the insulation of a 
coil and the lower magnetic film 3 And it is drawing 3 by carrying out polish processing of the 
insulator layer 5 by wrapping as well as the 1st example. - The flat insulator layer 5 of uniform 
and sufficient thickness of G and draw ing 4 -G can be obtained. Moreover, on an insulator layer 
5, the 1 st and when carrying out the laminating of coils 8 and 9, the layer insulation films 6 and 7, 
and the up magnetic-film 10 grade the 2nd conductor, the layer insulation films 6 and 7 can be 
similarly formed by the inorganic oxide of an alumina. 

[0016] In the another example made to transform the above 1st and the 2nd example, flattening 
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of the insulator layer 5 can be carried out by the chemical method technique like the etchback 
which used together not mechanical processing but the lithography technology by wrapping, and 
dry etching, such as ion milling. In this case, drawing 3 - BEKU [ the photoresist of the polyimide 
system resin mentioned above so that the level difference might be buried completely / apply 
and ] on the insulator layer 5 of F and dra win g 4 -F. And the portions of a photoresist and an 
excessive alumina are **********ed by ion milling. What is necessary is just to set the degree 
of incident angle to a substrate as 30 degrees, for example in the case of the ion milling using 
argon ion, although it is necessary to remove a photoresist and the alumina portion of an 
insulator layer at same rate at this time. 

[0017] In addition, this invention is not limited to the above-mentioned example, and can add and 
carry out various deformation and change within the technical limits. For example, this invention 
is applicable similarly about the thin film magnetic head for vertical recording reproduction. 
Moreover, although the gap layer 4 was formed in the above-mentioned example before forming 
an insulator layer 5, after forming an insulator layer 5, even if it forms, it cannot be 
overemphasized that the same thin film magnetic head is obtained. 
[0018] 

[Effect of the Invention] Since this invention is constituted as mentioned above, it does so an 
effect which is indicated below. 

[0019] Since it can form controlling the thickness easily [ insulator layer / flat ] on a magnetic 
film according to the manufacture method of the thin film magnetic head according to claim 1 
although a considerable level difference is between a magnetic film and a substrate insulation 
sufficient between magnetic pole coils including a part for the edge of a magnetic film secures — 
having — a dielectric breakdown voltage — high — it can carry out — moreover — a conductor 
— since a coil is formed on a flat insulator layer, highly precise patterning becomes possible and 
reliability improves sharply 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the cross section in which becoming from A view - F view, and showing each 
process of the manufacture method of the thin film magnetic head by the 1st example of this 
invention, respectively. 

[Drawing 2] It is the cross section showing the point which carries out wrapping processing of 
the insulator layer. 

[Drawing 3] It is the same cross section as drawing 1 which consists of an A view - G view, and 
shows each process of the manufacture method by the 2nd example of this invention, 
respectively. 

[Drawing 4] It consists of an A view - G view, and is drawing of longitudinal section 
corresponding to each process of drawing 3 , respectively. 

[Drawing 5 ] It is the outline perspective diagram showing the structure of the conventional thin 
film magnetic head. 

[Drawing 6] It is drawing of longitudinal section of the thin film magnetic head shown in drawing 
5. 

[Drawing 7] It is a cross section in the VII— VII line of drawing 5 . 

[ Drawing 8 ] the upper limit of a lower magnetic film, and a conductor — it is a diagram showing 
the relation between the distance D between coils, and the withstand voltage of an insulator 
layer 

[Description of Notations] 

1 Substrate 

2 Insulator Layer 

3 Lower Magnetic Film 

4 Gap Film 

5, 6, 7 Insulator layer 

8 and 9 a conductor — coil 

10 Up Magnetic Film 

1 1 Protective Layer 

1 2 Photo Mask 

13 Polish Board 

1 4 Photoresist 

1 5 Photo Mask 
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DRAWINGS 



[Drawing 2] 




[Drawing 1] 
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[Drawing 8] 
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04-C©<fc^lC7^ hVX^ 1 5?rSTTS7tL, S 
^tbfc^ 2 0 0-5 0 0 < COMT7--'J 

T&m&m3o>mmtzm&-?z>*#i'i' 

Xhl 4<Dmi%m^ 0 3-DS.t/04-DtC^TjS*^ 

[0 0 15] X/t-v5"J >i/fC<toT^5~8 

timffl7;VSt©SSMt5 (03-E, 04- 
E) o S#l/TU?,MUyX hi 4£fc h'^v 5 ^* 

\z, y^m'&m 3 co^^i^e i^o^<i^©i«ii: 

iH>Tt>TgBmffigl3 J;0Sl^»iI5^#e 1 n5. - 

\zmmt ^^n-f )v ty^mam 3 ii<»mm&&%& 

LTftS^ns. fLT, mi5IJS^tl^C<^^5 
<&5vtr>^(C<i;OW0»nii-?»c:i:tC«toT. 03- 
GSlC/0 4 - G CD^-*^+»^KJP©2FS7SJ6ig:^ 5 
SiSCt^tti,. £fc. *6^5©±{C^1S.^ 

2^»3-f;u8, 9, mmmmm6. 7, ±g5mttKi 
[0016] ±a^iikwm2mmm^m^^rc9io>. 

t S^ffl V fcX -y -y if (D J: ^ 7^ib#M7j^#&lr X 

j6^K5?&¥aft:-r2)-t^T#^><. 

03-F5.^04-F<Di^^5©±»C. ^O^A^ 
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«t£^©A#*;$g£ 3 0 " CR)t-rnttJ:l». 
[0 0 17] ft, *58<Htt±E*Jfi«R:lH3eStl* l bO 

Ct*«T*4. ±E*IS«T?tt, *t7/I4* 

[0018] 

[0019] Mf*£ 1 !2«©^^<S«'s-y H(Q«^ 
[BliB<z>ffiW&RH] 

[01] AH~FB*&ftO, ^n*^©^lH 
M0T&S„ 
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[0 2] ««K&5ylf>^llDX-r*B«ftSrWBH 

[04] AB~GH*>&aD. ^-n-^nB 3 ©SiiSlC 
?iiS-r^^»rffi0T*^„ 
[0 5] raftDSR&g&'v? FOfltifi&:*-rwe*l8B 

[06] H5K*^1»R«*AyKC!>l«»fliHT*-5. 

[0 7] B50VII-VII*£;Rt?«WSBT»«. 

[0 8] Tg5attM©±«i:*#3'r;PF B 1©!E^ID<i:*e 
i»fS©»m)EE £ © SSt^iT* 5 . 
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4 ^y^M 
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1 5 7* hVX^ 
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